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Abstract:

Methodology:

By adopting lightweight, flexible wings, a challenge arises due to adverse
interactions between aerodynamic and structural forces. Hence, a good
characterization of the structure is required.
A modal identification was performed on a
small Unmanned Aerial Vehicle (UAV) by
doing a ground vibration test at various
locations of the specimen’s wing. The
results will be used to validate structural
finite element models.

Introduction:

Structural dynamics parameters of
any structure can be calculated
through an experimental modal
analysis. This modal identification
encompasses analyzing the system
responses in the frequency domain,
using frequency response functions.

Modern aircraft designers are adopting
lightweight, flexible wings to improve
performance. A challenge related to
this adoption is the adverse
interactions between aerodynamic and
structural forces. These interactions
can cause large in-flight deformations
of the wings and can lead to severe
structural damages. Hence, a good
characterization of the structural
dynamics of an aircraft is required.

A ground vibration test was performed
to identify the modal properties of the
UAV’s wing. Here, the aircraft was
suspended using a highly flexible spring
to emulate free flight conditions. A
vibration exciter shaker, which remained
on the ground but was attached to the
wing by a stinger, inducing a known
excitation to the structure.
The response from the induced
excitation
was
measured
using
accelerometers located at different
points of the aircraft’s wing. In addition,
a force sensor was mounted between
the stinger and the structure to measure
the excitation force.
The aircraft was excited with a sine
sweep signal from 2 to 30 Hz at the
wing root chord. A software developed
in MATLAB generated the excitation
signal and acquired the acceleration
signal. The acceleration responses were
collected at the wing tip and trailing
edge at a sampling frequency of 2048
Hz.

Results:
Frequency responses from the applied
force to the acceleration measurements
were calculated using 1024 points in the
Fourier transform.
The mode shapes were attained through
the post-processing of the data, which
led to a total of 40 frequency responses
and a respective frequency plot that
encompassed all the extrapolated
frequencies.
Figure 1 shows an example of one
sensor’s response. Examining this
frequency response and taking the peaks
from the magnitude and directly
correlating it to a 180° jump in phase
change, the natural frequencies were
obtained.

From this analysis, the first bending modes of the main wing were identified. Visual
representations of three of these modes are shown in Figure 2. The vibration
shapes at 5 and 8 Hz show a symmetric bending deformation while the vibration at
20 Hz shows an anti-symmetric deformation. Torsional modes were not identified
from the data collected. New experiments will be performed in order to excite the
wing torsional modes with a higher energy.

Figure 1: Frequency Response (top) and Identified
Frequencies (bottom)

Conclusion:
The collected data from the ground vibration test identified successfully three
modes of the UAV main wing. The modal identification postprocessing
revealed some low energy modes that will need further investigations.
The experimental results will be
compared with a finite element model
of the wing. Future work include the
characterization of the entire aircraft
structure to be introduced in
aeroservoelastic models. The objective
will be to predict the flutter flight
condition of the small UAV.

Figure 2: Mode Shapes

Scientific Merit:
Having a deeper understanding of the underlying characteristics behind the
adverse interactions between aerodynamic and structural forces can lead to
solving the technical challenges behind the implementation of lightweight,
flexible wings. Preliminary results show a promising trajectory for further
research to be done in the validation of models. Likewise, this research will have
provided insight in the development of design methodologies to safely exploit
the benefits of lightweight flexible aircraft.
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